C
ontinuous positive airway pressure (CPAP) is typically delivered via nasal mask to patients with obstructive sleep apnea/hypopnea syndrome (OSAHS), acting as a pressure splint to maintain upper airway patency. CPAP may also be delivered via nasal pillows or oronasal mask. Interface can have a significant impact on acceptance and adherence to CPAP therapy. Adverse effects such as claustrophobia and mask discomfort, air leak, pressure sores, and mask dislodgement compromise CPAP use. [1] [2] [3] [4] [5] [6] Nasal pillows offer potential advantages over the nasal mask. First, there is less contact with the face, which may attenuate the feeling of claustrophobia and help prevent pressure sores and minimize discomfort. Second, patients may perceive less air leak, as leak would occur away from the eyes. Third, the design of the headgear may enhance patient comfort and simplify use.
Proper mask fit is paramount. Patients usually receive their first exposure to interface in the laboratory setting, although acclimation and desensitiza-tion may occur before the titration study in the context of the physician's office. Laboratory titrations are often performed only with a nasal mask without patients being shown nasal pillows or given a choice. Nasal pillows may be reserved for patients who complain of claustrophobia, or who cannot otherwise tolerate the nasal mask, and are not used as first-line interface. Initial choice of interface may be particularly important since early experience with CPAP plays a role in long-term adherence to therapy. 6 -8 Mask discomfort has been included as an adverse effect on questionnaires assessing CPAP compliance, but interface type has rarely been the subject of systematic investigation. In a randomized cross-over trial comparing nasal mask with oronasal mask, CPAP use with the nasal mask was 1 h more per night compared to the oronasal mask. 9 Patients reported fewer adverse effects while using the nasal mask and preferred this type of interface. The oronasal mask may be too uncomfortable for longterm use, even with the addition of heated humidification to decrease airway dryness and reduce mouth leak. 10 The present study compared the nasal pillows and nasal mask on objective compliance, adverse effects, satisfaction with therapy, quality of life, and residual sleep-disordered breathing in OSAHS patients receiving CPAP.
Materials and Methods

Subjects
Eligible patients were between 18 years and 70 years of age, had an OSAHS diagnosis (apnea-hypopnea index [AHI] Ն 15/h or AHI Ն 5 plus daytime sleepiness), 11 and had not received CPAP treatment previously. Exclusion criteria included wake resting arterial oxygen saturation Ͻ 90%, evidence of upper airway tract infection or flu-like symptoms at the time of titration, elective surgery scheduled before conclusion of the study, or prior surgical intervention for OSAHS. Patients were not eligible if they required bilevel positive airway pressure or supplemental oxygen.
At the time of initial polysomnography, patients gave consent. Participants agreed to use CPAP for the duration of the 6-week study and to provide feedback on the interface and satisfaction with CPAP therapy. Patients were not informed that the study was designed to assess compliance, but they were debriefed at the conclusion of the study regarding compliance monitoring. Institutional review board approval was obtained from the two hospital-based sleep laboratories; the consent forms were identical.
Questionniares
Patients completed the Functional Outcomes of Sleep Questionnaire (FOSQ) prior to initiating CPAP therapy and at the end of each treatment period. The FOSQ is a quality-of-life instrument designed to assess the impact of excessive daytime sleepiness (EDS) on activities of daily living. 12 The FOSQ provides a global score and five scales: general productivity, social outcome, activity level, vigilance, and intimate relationships and sexual activity. Patients also completed the Epworth sleepiness scale (ESS). 13 At each assessment interval, patients completed the FOSQ, ESS, and a questionnaire designed to assess adverse effects and satisfaction with CPAP therapy (Table 1) . Patients maintained a sleep diary for the first week of each treatment, and rated adverse effects and sleep quality using a visual analog scale (VAS). Diary questions included the following: How well did your mask fit? (very badly-very well); How much trouble did you have putting on the mask? (severe trouble-no trouble); Did you have air leaking from the mask? (much air leaking-no air leaking); Did you have trouble keeping the mask in place? (severe trouble-no trouble); How restful was your sleep? (very restless-very restful); How refreshed did you feel this morning? (exhausted-very refreshed); How much discomfort did you get from the pressure? (severe discomfort-no discomfort); and Did you have a dry or congested nose or throat? (much dryness-no dryness). For all VAS questions, higher numbers indicated a more positive response.
Study Design
A randomized cross-over design was employed. Patients were assigned to nasal pillows (Breeze; Mallinckrodt Corporation; Minneapolis, MN) or nasal mask (Contour; Respironics; Murrysville, PA). CPAP titration was performed in the laboratory with the appropriate interface and heated humidity (HC100 humidifier; Fisher & Paykel; Auckland, New Zealand). Each patient underwent either all-night CPAP titration or a split-night study according to American Academy of Sleep Medicine standards. 14 Titration protocols were identical at both sites. Effective pressure was attained when evidence of apneas, hypopneas, snoring, and hypoxemia were ameliorated. CPAP was prescribed after the polysomnogram was reviewed by a board-certified sleep specialist.
Interface fitting was performed according to the written instructions of the manufacturers. A registered polysomnographic technologist and board-certified sleep specialist reviewed written instructions with each technician. Hands-on fitting was performed, and each technician was given feedback and checked for accuracy. The nasal pillows were fitted using the side straps. The cradle was fit just below the curve at the back of the head. Adjustments were made to the height of the cradle, length of the hose guide across the top of the head, and height of the plenum *From the Center for Sleep Health of Suburban Lung Associates, Elk Grove Village, IL. This study was supported by a grant from Mallinckrodt Corporation. No other payments, excluding the cost of conducting the study, were made to the authors. The authors have no proprietary, financial, or equity interest in either the sponsor or the product. The authors had full access to all of the data in this study and take complete responsibility for the integrity of the data and the accuracy of the data analysis. Mallinckrodt Corporation assisted in the design of the study, but had no involvement in the collection, analysis, and interpretation of the data; in the writing of the report; and in the decision to submit for publication. shell. The final adjustment was the angle of the plenum shell. Medium-size nasal pillows were used first; nasal pillow size was reassessed after placement and changed if needed based on patient comfort and adequate seal. The nasal mask was fitted using the sizing gauge. Each nasal mask was equipped with the SimpleStrap, Whisper-Swivel II exhalation port, and appropriate size spacer (Respironics). Mask, headgear, and spacer adjustments were made with the interface in place. For both types of interface, patients were queried regarding comfort, and adjustments were made until the patient felt comfortable and a proper fit was obtained. Additional adjustments were made as needed during the laboratory titration to minimize leak and maximize comfort. Patients were given the interface following the laboratory titration. They were instructed not to make any changes and to bring the interface with them to the first office visit, at which time fit was reassessed. For the first 3 weeks, patients used the same interface as in the titration study. Patients then switched to the alternate interface for the final 3 weeks. Patients utilized the Mallinckrodt 418A (Mallinckrodt Corporation) CPAP machine and the HC100 heated humidifier. At the first office visit, patients were initiated on CPAP and given detailed information about the use and care of the CPAP machine, humidifier, interface, and related accessories. At each office visit, the FOSQ, ESS, and CPAP questionnaire were completed. Patients were given the sleep diary to maintain for the first week of each treatment period. At the final visit, patients kept both types of interface and they were informed of the compliance monitoring.
At each visit, patients were told that a pressure check was required as part of the study protocol. While patients completed the questionnaires, compliance data were downloaded from the Mallinckrodt 418A using SilverLining software, version 2.0 (Mallinckrodt Corporation). A pressure transducer recorded use only when the patient was breathing with the mask in place. The Mallinckrodt 418A recorded sleep-disordered breathing during therapy, and reported an apnea index and a hypopnea index.
Statistical Analyses
Values are given as mean Ϯ SD. Comparisons between baseline and treatment conditions were conducted using one-way analysis of variance. Interface comparisons were conducted using paired t tests or, in the case of nonnormally distributed data, Wilcoxon signed-rank tests. Unless otherwise indicated, statistical significance required p Յ 0.05, two-tailed.
Results
Patient Characteristics
Forty-two patients were enrolled in the study. Three patients were unable to complete the protocol. One patient traveled to Europe and was unable to use the equipment. An unrelated medical condition developed in one patient; he was dropped from the study but maintained on CPAP treatment. One patient was unavailable for follow-up.
Thirty-nine patients completed the 6-week protocol. Twenty-four patients underwent full-night CPAP titrations, and 15 patients underwent splitnight studies. Twenty patients were randomized to the nasal pillows, and the remaining 19 patients were randomized to the nasal mask. There were no differences between randomized groups in age, gender, study type, body mass index, AHI, or CPAP pressure (all p values Ն 0.18; Table 2 ). Differences were noted only for age, gender, and study type between the two sleep laboratories (p values Յ 0.05). 
Compliance
Three compliance indexes were calculated: percentage of days used (PER), mean daily use for all days (TOT), and mean daily use for days with use Ͼ 0 min (UTL). A significant difference was observed between the nasal pillows (94.1 Ϯ 8.3%) and the nasal mask (85.7 Ϯ 23.5%) on PER (p ϭ 0.02). No differences were noted between nasal pillows and nasal mask on TOT or UTL (p values Ն 0.10; Table 3 ). CPAP use ranged from 184 to 456 min per night with nasal pillows and from 22 to 463 min per night with the nasal mask.
Residual Sleep-Disordered Breathing
Mean AHI was calculated for each of the treatment periods, where daily use was Ͼ 0 min. A significant main effect for AHI was observed (F 2,37 ϭ 38.8; p Ͻ 0.001). Residual sleep-disordered breathing did not differ between the two types of interface (p ϭ 0.83). These data are presented in Table 3 .
Daytime Sleepiness
A significant main effect for daytime sleepiness was observed (F 2,37 ϭ 30.6; p Ͻ 1). ESS scores were lower following 3 weeks of CPAP treatment, but no difference in ESS scores were observed between the two types of interface (p ϭ 0.84).
Sleep Diary
Patients maintained a sleep diary daily for the first week of each treatment. Mean values were calculated for each of the eight items. Patients reported less air leak with the nasal pillows (p ϭ 0.008). No other differences were observed.
Quality of Life
A significant main effect for total FOSQ score was observed (F 2,37 ϭ 20.9; p Ͻ 0.001). Significant main effects were noted for the following individual scales: vigilance (F 2,37 ϭ 15.5; p Ͻ 0.001), activity level (F 2,37 ϭ 11.7; p Ͻ 0.001), social outcome (F 2,37 ϭ 6.2; p ϭ 0.003), and general productivity (F 2,37 ϭ 13.5; p Ͻ 0.001). The interpersonal and sexual relationships scale did not differ between baseline and treatment. No differences were noted between the nasal pillows and nasal mask on FOSQ total score or any of the individual scales (all p values Ն 0.83).
CPAP Questionnaire
At the conclusion of each treatment period, adverse effects and satisfaction with CPAP were assessed and a global score calculated by summing questions 1 to 12. Nasal pillows was associated with fewer overall adverse effects (t ϭ 3.8; p Ͻ 0.001). Individual-item analysis revealed significant differences for all questions pertaining to the interface (questions 1 to 6). Patients reported a greater degree of overall satisfaction with nasal pillows (p ϭ 0.001) and less trouble getting to sleep and staying asleep (p values Յ 0.04). Comparisons for questions 13 to 18 of the CPAP questionnaire are presented in Table 4 .
Discussion
This is the first report of CPAP use, adverse effects, and residual sleep-disordered breathing with nasal pillows, when compared to nasal mask. Fewer overall adverse effects, including less air leak and better self-reported sleep quality, were reported when CPAP was used with nasal pillows. Attempted CPAP use during the first 3 weeks of therapy favored nasal pillows, but use per night did not differ between the two types of interface. The greater attempt at CPAP use with nasal pillows was likely due to self-report of better sleep quality, fewer adverse effects, and greater satisfaction with this type of interface.
Adverse effects related to interface are common and may compromise CPAP use. Pressure sores, mask dislodgement, feeling claustrophobic, air leak, and sore eyes occur in 20 to 50% of OSAHS patients receiving CPAP. [2] [3] [4] [5] [6] 15 Self-report of air leak 3 and sore eyes 4 correlate negatively with CPAP use. Conversely, increased CPAP use is related to good or very good tolerance to the nasal mask. Nearly 50% of patients who reported CPAP use Ն 4 h per night had good or very good tolerance to the nasal mask, whereas only 9% of patients with use Ͻ 4 h per night reported good tolerance. 16 Patients whose objective CPAP use was less regular (Ͻ 4 h per night) complained of claustrophobia from the mask, which was the only adverse effect related to CPAP use that differentiated regular from irregular users. 6 CPAP compliance studies have included interface problems on questionnaires assessing adverse effects with CPAP, but interface type has seldom been the subject of systematic investigation. In one randomized, cross-over trial, the nasal mask was compared to an oronasal mask, with compliance gains of 1.0 h per night reported with the nasal mask. 9 Increased CPAP use was likely due to patients rating the nasal mask as more comfortable and less claustrophobic. However, patients also reported greater air leak with the nasal mask. In another study that compared nasal mask with an oronasal mask, only 2 of 17 patients offered the oronasal mask accepted it for long-term use. 10 The oronasal mask may be used in patients with persistent mouth leak not corrected by aggressive treatment of nasal pathology and the addition of heated humidification. In the present study, nasal pillows use was associated with less air leak. Eye soreness and discomfort caused by air leak is not only bothersome to the patient but, as noted above, can compromise CPAP use. Nasal pillows are typically not first-line interface, and may be reserved only for patients that complain of claustrophobia or who cannot otherwise tolerate the nasal mask. Adverse effects may be lessened if this interface is considered at CPAP initiation.
The goal of laboratory titration is to eliminate sleep-disordered breathing. Residual sleep-disordered breathing was acceptably low for both types of interface, and comparable to previous CPAP efficacy studies. [17] [18] [19] [20] ESS and FOSQ scores were improved from pretreatment values for both types of interface, indicating that the reduction in AHI was sufficient to attenuate the daytime consequences of OSAHS. Several studies have demonstrated reductions in EDS and improvements in quality of life following CPAP treatment. [21] [22] [23] [24] The equivalent reduction in AHI observed with both types of interface is a noteworthy finding. Nasal pillows may not be considered for patients who require higher CPAP pressure levels because of concerns regarding the nature of the mask seal and the possibility of inadequate pressure delivery. Objective leak was not monitored by the CPAP machine used in this study. Consequently, the patient's report of less air leak could not be compared to quantitative data. Prior research indicates that mask leak has minimal effect on AHI. 25 During 2 months of fixedpressure CPAP use, no correlation between mask leak and AHI was reported. Leak values varied from patient to patient and from night to night, but even periods of high leak had a negligible impact on AHI. In this study, CPAP pressure range was 5 to 14 cm H 2 O. All patients randomized to nasal pillows were successfully titrated in the laboratory. Prior investigations report effective CPAP pressure levels in the range of 8 to 13 cm H 2 O, with SDs of approximately 2 to 3 cm H 2 O. 2, 6, 16, 17 A broad range of OSAHS severity was represented in these studies, including patients with moderate-to-severe disease. Nasal pillows should be considered for initial laboratory titration, rather than being reserved for patients who cannot tolerate nasal masks.
Compliance with CPAP is well recognized to be less than optimal. Interventions that increase CPAP compliance include the addition of heated humidity, intensive support/education, and autotitrating CPAP. 26 -28 Heated humidity was supplied to all patients in this study. Patients were told not to make any changes to the humidifier setting if they felt comfortable. If water droplets appeared in the mask, patients were told to decrease the setting by 0.5 U until condensation no longer appeared. Many patients needed to lower the setting on the humidifier when using the nasal pillows because of condensation in the tubing and mask. It is not clear why this occurred, but suggests that adverse effects associated with nasal airway resistance may be attenuated with lower humidity settings. Patients were monitored closely during this study and provided with extensive education regarding OSAHS and CPAP use. Demand characteristics do not appear to have influenced compliance; CPAP use during this study was in the range of 5 h per night, similar to other studies that covertly monitored compliance early in therapy. 7, 29, 30 A challenge to performing this type of study was choosing a "standard" nasal mask. The nasal mask chosen for this study is widely available and used frequently in laboratory and clinical settings. However, interface has changed considerably over the years; newer types of interface are designed to be more comfortable and to attenuate discomfort caused by improper fit, including skin abrasion and air leak. It is possible that fewer differences in adverse effects and attempt at use would have occurred with a newer generation nasal mask. Another limitation is the relatively short assessment interval. While the goal was to determine whether differences in CPAP use as a function of interface occurred early in treatment, no long-term follow-up of these patients was conducted. At the conclusion of the 3-week study, patients kept both types of interface. Many patients chose to use the nasal pillows as the primary interface, but also expressed an intention to alternate interface use. It is important that interface be matched to individual patient needs and that patients be followed up closely to assess their clinical response to therapy. Minimizing adverse effects related to interface early in therapy may result in greater acceptance of long-term CPAP use.
In summary, this study confirms our clinical impression that patients feel less claustrophobic and report less discomfort with use of nasal pillows. Fewer adverse effects and improved self-reported sleep quality with nasal pillows use were observed. This may have accounted for the greater attempt at CPAP use during the first 3 weeks of therapy. Improvements in quality of life and reductions in AHI and EDS were noted for both types of interface. Nasal pillows are an effective and well-tolerated interface for patients with OSAHS receiving CPAP at Յ14 cm H 2 O.
